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Agenda

e Introduction: GE Energy & GE's Gasification

e Examples on how GE is using CFD for
designing gasifier components with
multiphase flow science and Challenges we

are facing

e Conclusion

A typical GE quench gasifier
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GE Energy

Power & Water

e Thermal

e Renewables

e Nuclear

e Watertreatment
e Processchemicals
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GE Power & Water... power generation platforms

Thermal

e Gas turbines * Gasification
- Heavy duty -1GCC
(40-500MW) - Gasification
- Aeroderivatives Licensing
(18-100MW)
- Combined cycle
systems

e Steam turbines
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GE Gasification & IGCC Technology

mixperuence \

Six decades of experience: 145 gasifiers operating worldwide
 First oil gasification plantin 1961
e First coal gasification plant in 1978
 First petcoke gasification plant in 1984

e 30 gasturbines operating on syngas... > 1 million operating
hours

e |IGCC leader... >3 GW with GE Energy technologies
e 40 projects globally thatseparateCO, /
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Simplesystem configuration
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Proven Slurry system design
Generate high H,/CO ratio

Provides a size advantage for
downstream systems

This material may not be copied or distributed in whole or in part, without prior permission of the copyright owner.



Gasifier Modeling (Design Methods)

Objective

e Development & validation of robust, accurate &
practical gasifier design method (DM)

e Quantify model predictive capability.

Business Impact
e Enable design comparisons of new gasifier concepts.
e Meet future customer needs.

Model development approach
e Sub-model searching, evaluation,and development
e Sub-model verification/validation

e Labtest/Data collection to provide data for sub-model
inputs or validation i
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Gasifier Modeling Overall Approach

Task Focal Schematic
Sub-model
Integration - 4
into overall Kinetics model _ I Flow-thermal model
model \
Inputs,
Thermo-physical
properties
Sub-model Lab - Plant scale | m v m \ e R T T
and overall ,,[, ‘\ r e
gasifier model : , i T
Verification Y % e
& % ,,,
Validation . —
Benchscale ensitivity st =R
\7 Cells:Su Kk Pilot scale
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Accomplishments

Accomplishments

v' Developed a series of gasifier model versions corresponding to new features or lesson learned
Established & documented the best practices for model setup, execution & convergence criterions

Quantification of grid error

AN NRN

Validation spanning bench

Quantification of plant BC sensitivity

scaleto plantscale

Example #1: Validation with a commercial plant:

Gasifier performance CTQ's . .
P Relative Error Uncertainty of Plant
(Model / Plant-data) Data
Carbon conversion at exit 1% +2.25%
Syngas temperature at
thermocouple <1% +90F
% Fjorbon in j’total slag”* atgasifier 10% Plant data available after
exit (drybasis) ? lock-hopper
- —————
Syngas composition at scrubber MOLE
overhead, dry basis
Co2 5%
Plant data accuracy + 1%
co 5%
H2 5%
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Gasifier Modeling Challenges

Model

*  Char particle reaction kinetics need to cover wider feed
stock

. Particle radiation model
. Radiation, turbulence, reactioninteraction
*  High pressure atomization
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Data for validation
v" High temperature measurement inside gasifier
v" Flamedetecting
v" In-situ syngas composition measurement
v" Uncertainty of measurement

Public opinion _ P——
«  Difficult acceptance of CFD based analysis because the - Somputaton | e
lack of fully understanding of all the physics. % aar sensitivity studies gl = & 3
«  Negative effect of some careless CFD work. gl . ] ) | E
e anifeoton
(b) Deterministic M gg;";gﬁggﬁ

Engineering design requires quantitative
information
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Quench Design Method Development

Objective: Developvalidated design methods to predict Quench/Scrubber
performance and optimize design and control

)/ QUENCH CHAMBER
/
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5 / Not toScale
D Draft Tube
@
Using validated QG design methods to meet customer’s requests
K * High throughput * Low cost  Stable operation
* Feasibleto build  Satisfied transportation limit
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Approach and Challenges
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*  Model developed based on physics :
*  Model validated on test rig and
. Bench-scale Flow =
commercial plant. ) M =
Testing
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Time Mark

Droplet generation model; Liquid vaporization model

Droplet-solid particle interaction anddroplet-droplet interaction model
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Conclusions

. Per advanced physics models combining with
CFD, detailed insights can be discovered

. Validation and uncertainty quantification are
critical

. Provide new tools for developing new
technologies to meet customer’sneeds.

Yet, thereare gaps:
v" Physics models
v' Measurement/Datacollection
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